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Two~JUua«n*iur*ol  Control  Churoctoriatioa . 
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oni  ...  3*  I-ataon,  l.e W5.  , 
of  tho  Aurodtynai  oca  Division,  '(.P.D. 


The  design  of  lifting  aurfsotw  for  aeroplanes  dopaila 
fundanantally  on  tvo-dir-uno lonal  do to  for  the  aerofoil  auctions, with 
flaps  whoru  no  oca  a ary  for  control.  Data  of  .hm  -ind  ore  raquirod  for 
the  use  of  designers,  and  for  the  developr.er.t  of  nwthoda  of  calculating 
control  aharaotorlaticn  and  stability  derivetivuo  for  finite  uinga. 
Haaoarah-a  on  tho  lift,  pitohing-nenenta,  and  hingo-eor.ontf.  of 
uorofolla  with  pLain  flaps  hevo  boon  carrion  out  et  th-  national 
Physical  Laboratory  at  a Reynolds  number  of  -bout  1o  . Tbi  rcaulta  of 
thij  crporirxinto  hnvo  boon  presented  in  a g enure  lined  for:  , ’diich  ahowo 
precise  of  boing  applicable  over  a vide  field.  The  genervLltsod  curvi  3 
hnvo  boon  tested  aa  far  as  jioosibl . fro:  other  aouroea,  in i.  tiding  cone 
testa  node  or.  ono  of  tho  K.P.L.  aoctioru  in  a R..DS.  Tunrso..  at  Reynolds 
nunbors  up  to  nearly  1 j*  • It  apponn*  that  auggeation  duu  to  Preston 
that  tho  ratio  of  axporinaiVtl  lift  elope  ( iCj/de.  * «m ) 1 o tho 

theoretical  vnluo  ( cm  Jp  , curr-t;; -ending  to  the  .J  oukowslry  001  Ait  ion  of 
flow  past  the  tr ailing-cage,  provided  o criterion  giving  tha  oorbinud 
effects  of  Reynolds  nur.-.b.r,  transition  jiointa,  and  -lorofoil  »h»po  00 
JC",  /da  , and  is  a very  useful  at  e-ting- joint  for  the  .c tir-*tion  of 
control  c ha  mot  eristics.  Thu  gencraliaei  eh  rte  in  this  report  arc 
intended  for  the  „s licet  ion  of  hAngo-tus-unt  -»nd  .itching  uorimt 
derivatives  frw;  tho  flap— chord  ratio,  Z,  after  aVta1/T  , ’ *'o0n 
iotorainod  fror.  a apeoi-i  figure.  The  l.ttur  figure  (ilg.l^l  ” a 
key  to  the  whole  process,  and  it  ~*>uld  -pan. or  to  'to  vuiy  deaurobio  to 
inpiwo  ita  aoouracy  ad  uaofdlneao  by  further  esperirventa  si  tvu- 
dinunslanal  iift-alapo«  of  thin  wings  at  high  tteyneido  nutlxj.tt. 
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2 . Theoretical  Slop*  at  the  Lift-CLncidmoo  Curve  ( a-j )™ 

The  thiakno a *-c her!  ratio  ia  the  principal  paroaotar  whiah 
letansinea  ( a-j  }j  , uhilat  there  arc  n&cll  variations  depending  upon 
the  curvature  cf  tho  loading  odgo  and  upon  the  trailing  edge  angle  or 
trailing  edge  curvature.  An  approxirsato  forsaula  duo  to  K.  C.  Garner 
ha*  boon  found  aocurato  enough  fur  use  in  control  eatimtiona,  viat 


J*m)t  cu 

—— — *»  o 

2 x 


iitaore  Oo  » 


8 * Jol25)  + o/^pl  ♦ 

6/5“ 


•>r  adtamativnlv 


8 ^.22  +Vt5}  *v/^Pl  * 0,1 

10.392 


Kt-ru  7 .o  ia  tho  half  ordinate  of  tho  profile  at  tho  quarter-chord 
J-25  point. 

3 n 7**°  i*  tho  half  ordinuta  of  the  profile  at  the  threo-qaarter- 
n chard  point 

PL*0  i»  tho  radius  of  ourvnturo  at  the  loading  edge 

PT*°  ia  tho  rniiua  cf  curvature  at  the  trailing  edge 

7 ia  tho  trailing  etgo  angle. 

L 

In  Pig.1  aro  plotted  valuou  of  — -*  as  5 function  cf  l/o  tho 

2<. 

' ooicnaa a-ohord  ratio,  for  two  fai&ilios  of  related  aerofoil  aeotiona. 
*.ila  nay  providu  sufficient  information  for  an  oetiiaato  of  (ai)^,  in 
s uiy  oases.  A 


3 tooriagnts  on  "teo-diaonaicoad"  sodcla  at  tho  h.i\L. 

3.1.  A aooriae  of  toata  have  boon  n*do  at  thaNJ’.L.  (7  ft.  Jto.2  tunnel) 
ii  which  tho  lift,  aacng  other  quantities , has  boon  ooaaurod  on  a I55t 
ti'  dole  wing  with  its  narliais  ordinate  at  4l£  trx  tho  loading  edge.  The 
r at  portion  of  the  wing  has  been  ay» tenet ioally  codified  ao  aa  to  give 
<*  range  of  trailing  edge  angles  free,  0°  to  '2*°.  Iiayr.Ql.da  rur.ber  ia  of 
tin  order  10®.  The  tranaiticn  point  has  bean  vuriod  in  pool  tier,  fror, 

0, 1 to  0.63  of  the  chord  frees  tho  leading  odgo  ty  ooana  of  wiroa.  In 
ad  lit  ion  tho  trsnaition  waa  allowed  to  ooour,  without  wirca,  botwoan 
C,  and  0.7  chord.  The  gap  at  the  hinge  wua  either  ax  trendy  spoil  or 
sailed  with  grease  in  ell  tho  ixparicents. 


The/ 


The  sections  are  drawn  in  Pigs. 2,  }.  They  will  bo  referred  to 
at  the  1541  series.  The  trailing  odgo  angle*  ( : ) wore  approadaetoly  t 


Soot  ion  1541  0 1^1  basic  1541  b 15U  0 1541  d 


x 


1 '}.  2° 


3.-.°  4.5’  Cusp, 


Tho  cusp  ms  designed  so  that  the  derivatives  up  to  d3y/dx3 
were  oil  scare,  and  in  tho  tsnuf oaturo  a very  thin  boxvJood  trailing  cxigo 
was  fitted. 


Tho  pathod  of  teat  is  described  in  part  III. 

3*2,  Tho  axpc  riser,  tal  results  fror.  tho  7 ft.  turrnol  are  plotted  As 
ratios  ^/(at)-  in  Pig.  12  for  two  positions  of  tho  transition 
(0.1  and  0.5)  as  fixed  by  suitable  wires.  T)o  unvm  in  the  measured 
slopes  appear  to  bo  of  tho  order  tl^-'T.  Included  in  tho  sane  f iguro 
ora  curvoa  frees  into  given  in  reports  fror.  thu  H.A.C.A.  end  frun  teats 
in  tho  Cocij-.ruaaed  Air  Tunnel  st  tho  N.P.b.  Thrao  additional  ourvos  oro 
comentod  on  in  beet  lor.  A, 

SM-gtJ^rt  ,1541a.  troim.A-v-b-.o  angle . 1g. 2°.  Pig. 2. 

All  tho  sesauroconta  of  o,  arc  oollootod  in  Pig. 4 end  plotted 
against  poaiticr.  of  transition.  There  appear  to  bo  two  groups  of  results, 
and  tho  upper , represented  by  the  full  line,  aro  bcliuvod  to  oorreapond 
to  tho  condition  of  unbrexur.  surfaces  uni  no  trace  of  boundary  loyor 
sopors  ti  on , either  lar.irr«r  or  turbulent.  Accordingly  values  from  this 
ourvo  are  plotted  on  tho  cirvus  of  Pig.  7 -which  g.vca  uhat  wo  boliovo-d 
to  bo  tho  bast  oat  last  «a  of  m in  terns  .>!’  tra'iaitior.  for  Roynolda 
number  10®.  When  the  flap  is  A j. '■  chord  (sit  it  O'-  und  gap  sealed)  tho 
values  of  (vj  oorrosper.  lin?  to  thi!  io^tel  curve  of  Pig.4  ours  almost 
invariably  aossured,  .ini  the  rvaaor.  for  this  hnd  net  beam  found  whan  tho 
investigation  bnd  to  bo  discontinue  i.  All  Lnt-.T  -work  -with  anooth 
surface  up  to  at  least  75,--  of  t)«  chord  fror*  tho  lending  odgo  conf iroed 
tho  higgler  vsluos  whlsh  Inv-j  boon  uocuptod. 

3. A.  jcotlcr.  15A1.  trailing -edge  ingle.  15°-  Pig.2. 

Tho  results  for  this  auction  (sou  Pig. 5)  urn  oiuilar  to  thoso 
for  IpAla  with  lower  values  when  tho  surfeco  uos  broken  at  tho  hinge  of 
tho  40*  flap,  and  tho  full  line  values  for  ts&niiar  flaps.  Tho  latter 
are  uso-dfsr  plotting  can  Pig. 7. 

3*5*  S options  with  spall  trolling-odas  1541b. c,A.  PlgeJi 

Tho  rosuita  for  thoso  soot  ions  arc  plotted  in  Pig.  6 tho  full 
lino#  of  pigs. 4 and  5 being  reproduce i 00  well  in  this  figure.  In  tho 
oaso  of  1541b  there  is  still  tho  anno  tendency  to  loo  values  with  tho 
40£  flap,  as  indicated  in  pig. 7 whore  tho  siso  of  flap  is  given  with  no*t 
of  the  observation  points  platted.  In  section  1 541  c the  difforono* 
bo  two  an  20%  and  Atf*  flap  models  is  nogligiblo,  and  apparently  non-existent 
with  tho  ouspod  aorofuil. 


3.6,  Tho  curve  A of  Pig.?  roprosunta  tho  value  of  the  lift  curve 
slop©  as  a function  of  trailing  edge  angle  vixai  transition  oocurs  at 
0.1c  cn  both  aurf'-coa,  the  surfaces  are  s.n-  th  up  to  well  behind  60j5 
chord,  and  thar.  is  no  -icparatior.  f tho  boundaiy  layer.  Sinilarly 
curve  B represents  the  lift  curve  .tlope  f>_r  transition  at  half -chord 
~r  beyond.  Curve  C gives  the  curve  for  &i  taken  from  Reference  4, 
which  ia  o»id  tu  be  bused  res inly  .n  teats  <st  Reynolds  numbers  between 
3 an 4 x 10“.  The  slop.' a .ore  tu.ur.  over  r.uch  larger  angle  ranges 
than  those  dotcmiiso  ‘ for  this  report  and  they  probably  represent 
conditions  of  '’ir  forward  transition  on  tha  upper  surface,  and  considerably 
tack  on  the  lower.  The  accuracy  claipod  being  only  curve  C nay  bo 
considered  roughly  to  agree  with  the  results  of  curves  A and  B oven 
after  soaking  allowance  for  Reynolds  mnbor  and  for  variations  of  aerofoil 
thickness. 


4.  The  Effect  of  Reynolds  Hunter  on  the  Slone  cf  the  Llft-lnoidonoo 

Curve, 

(..1.  One  of  the  1541  aerofoils,  (1541  a),  has  boon  tested  in  the 
R....E.  Ho.2  11^5  by  Sift.  Turool  over  o range  of  Reynolds  nuuboro,  2.5 
tw  nearly  10  * 10°.  Tho  values  of  a^/(ai)^  derived  frees  those  tests 
f .,r  transition  positions  of  0.1  and  0.5o  are  plotted  againat  Reynolds 
nunbor  in  Pig.11,  On  tho  care  figure  are  plotted  the  values  of 
n«/‘  u }p  .loducod  fror ; a nunbor  of  N....C.A.  tests  of  two-lironaionol 
coioia,  Hof. 5,  »Hoh  tal  trailing-odgo  angles  of  approxim to ly  20  dog. 

In  corco  eases  It  was  stated  in  Hof,  5 that  tho  testa  woro  rootle  with 
"laaiing-el’e  of  standari  roughness” j uthcnri.-.o  tho  position  of  tho 
transition  point  wao  proaurutly  soro  distance  book  from  tho  loading -edgo. 
On  Pig. 11  are  plotted  also  a few  .oin to  iurivei  freta  teats  of  rectangular 
w-ngs  of  osjoct-rstio  6 in  the  Cwprrns e l ,.ir  Tunnel  at  tho  National 
Physical  Labt.ritcry  r;«r  1 rju:-o  i'  Reyn. -lie  rnrbursj  tncao  oxjksrinontal 
results  wore  Oirrcctnl  f r . iject-nti  / by  using  the  or.pirlosl  f omuls 
du*>  t o H.  C.  CriTT.'.r  • 


t/ 


C"l/6) 


(2) 


whore  t}«i  roo  tour od  lift  slope,  Each  plotted  point  is 

labelled  with  a nuobor  s^ooifying  V.O  tir.oo  tho  thioknoss-chcrd  ratio  of 
the  Section,  and  th^so  into  i’_r  which  trirusitiur.  is  likely  to  bo  woll 
forward  are  distinguished  fr tho  rtx  hinder  ftr  which  transition  ia 
unknown. 

4.2.  Similar  plottings  of  a1/(a1)T  againot  Reynolds  nuraber  arc 
given  in  Pigs.  8,  9 and  10  fer  aerofoils  with  trailing-edgo  angles  in  tho 
noighbourh-o  i cf  5,  1-  end  15  iograoa  roapoctivoly.  The  date  are  talon 
free  sources  (Refs.  5,  & and  other  reports),  free  Cteprossod 

.dr  Tunnel  tests,  &*  woll  as  frer.  tho  1541  scrlos  tosta  in  tho  K.P.L.. 

7 ft.  Tunnel.  On  oach  cf  thvc  figures  8,  9,  10  and  11,  full  lino  curves 
are  drawn  enclosing  totveor.  thor.  tho  najeriigr  of  tho  j dotted  points. 

These  curves  were  drawn  s that  cress  .dotting  against  trolling-edgo  angle 
yielded  sne-  th  curves  as  in  fig.  12.  Ir.  this  figure  tho  cross  plottings 
frvr.  the  lata  of  Pigs.  8 t li  »r,  ah -wr.  fur  tho  m«r  and  lever  Uniting 
curves,  for  tho  l.,\«st  v, highest  Uegm.1  J>  nurd-ors  cf  tost,  vis:  16  and 
ITf. 

4.3/ 


6 


i+*},  after  Figs,  3 to  12  -acre  drawn,  further  data  i'rcr  Ref. 6 vorc 
exar.ir.od,  and  tho  iqr-or  ar.i  lower  liciting  curves  fer  Reynolds  nurabor 
6 i 10’  plot**!  in  Fig.  12.  The  agrottunt  with  the  Uniting  curves  of 
Pigs.  8 u 11  is  excellent, 

1.1,  The  results  for  tho  iy*1  series  (Reynaldo  nisrXor  1C^)  aro 
included  in  Pig,  12  und  are  uiotinguiaho  i by  the  ty-  dotted  curves  for 
tho  two  trenaitiar.  positions  0,1c  and  0. 5o.  It  will  bo  noted  that, 
whan  tho  trailing -odgo  angle  t is  20  do,;. , there  is  agrcor.ant  betwoon 
tho  up  per  Uniting  ourvo  (Reynolds  nurcior  =*  10")  ar.i  tho  1941  toots 
with  tookvr.rd  transition.  When  t is  otaall  thoro  is  /cod  agruonent 
bo  two  an  tho  la  war  Uniting  curve  and  tho  1 541  lata  with  forward 
transition.  It  io  ofoolulod  that  the  1-wor  1 ini  tin,  cur-zoo  of  Pigs* 

8 to  12  would  oorrospend  tc  far  forward  ./coitions  of  tho  transition 
point,  whilst  tho  upper  Uniting  curves  apply  to  transit! na  well  book. 
Where  t is  Basil  the  upper  Unit  applies  to  thinner  sections ; it  is 
pruboblo  that  this  lir.it  should  to  lover  for  thiol  auctions,  Whoro 
transition  is  fairly  definitely  known  it  coeruj  linely  that  siA^i/T 
oar,  bo  o«  tint  tad  within  but  whoro  transition  is  unknown  the  oa tins to 
w»y  bo  in  ornr  by  t%, 

A further  intonating  feature  of  tho  1S4U  testa  in  tho  R.1..E. 
Tunnel  (see  Pigo.11  and  12)  ia  thw  evidence  that  at  the  highest 
Reynolds  nunbor,  ab>,ut  10',  tho  lift  slc;o,  c/rrocted  for  ccrtpressibility 
offoclo,  agroos  with  tho  lower  lir.itm  ; curve  fr err.  tho  general  data. 

Thee  value  fr-r..  tho  R....2.  Tunnel  definitely  cirrus  penis  t a transition 
woll  forwarl  or.  tho  u.p.cr  surface  m the  .-ioighbourh-sd  -f  C,08c. 

. 9 . Table  1 boa  boon  c-rjiloi  with  ; view  t.  suggesting  a proooduro 
for  using  Fig, 12  f-r  inter"  indig  ’m/( iu.  )t  ■u*  ’-Vur-  euro,  thicknoaa 
ohi.rd  ratio,  trail ing-o-i go  nr.  :1c  ind  Reynolds  r.u.'.ii.r,  iohw  known.  Tho 
Table  suggests  likely  values  fur  Reyn.  1 is  nun...  cr-s  1 C>'; , C » 10",  and  Id', 
trailing-olgo  angles  1 V,  1$  sii  I'd  log.,  mi  t;c.o..rea s-rhu rd  ratios 
0.09  and  0,19,  v*iuas  bon-..;  usticatc-  i f r tin  w.trur. j • ■.•sitiona  of  tho 
transition  paint.  It  . . tn  add  that  Tat  i<.  1 r , ru/.  a the  availsblo 
lota  sufficiently  well  f.r  ;o.v,r~.l  x,,  .1th ’vh  /t-r  ;rocision  io 
highly  boa  ire  tie  if  the  sulaoquur.t  c -r.tr  I fd.'.’ti  /.a  arc  t-,  bo  aa 
reliable  aa  ..uosible, 

L.6,  Further  lol  ex;  ermo nto  no  - i j i. 

In  view  ef  tho  ins  i a ii.purtw.ou  i f thu  quantity  ai/( a-,  )t  » bt 
is  o esttor  of  ooro  urganqy  that  further  teste  should  be  oarriod  out 
with  the  a.ooifio  ;-urqcao  if  iotorrdnin,.;  lift  slopes  rolotod  to  woll- 
dofinoi  o..nditiena , no  that  tho  abort  Pig. Id  r.-txy  bo  bettor  ostablishxjd. 

rango  of  Reynolds  rurlars  should  bo  covorou,  transition  should  l>o 
obsarvod  and  ©on trolled  whoro  necessary  tc  give  sufficient  variation, 
and  the  sections  cboson  for  toot  should  to  ouch  a a will  supply  tho 
require  1 nunbor  of  key  points  on  tho  chart.  The  rain  weakness  ilos  in 
tho  region  of  snail  values  of  t , and  aero  data  on  tJir.  aoctims  in 
general  ia  needed.  In  crier  that  tho  conditions  detortalning  lift  slope 
Should  bo  bettor  undarstood,  sees  atteept  tc  measure  die;  laoer.ont 
thicknesses  of  ths  b-ur»iary- layers  in  thus  region  of  the  trailing-odgo 
with  greater  accuracy  than  ha»  hitherto  boon  achieved  10  very  nuch  to 
!o  recoaaan. U> d.  ..ocuraqy  ia  re qui  rod  in  thsss  nonaurcrionts  bocauoo  it 
is  a ddfforontiAl  affect  bstoocr.  tho  upper  and  lever  hcuniary-layorc 
which  lo  ic.wrtuj.t  in  relation  to  tho  asacurod  lift  in  any  givsn  cose. 
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Part  II.-  Tho  Variation  of  Lift  Cowffloiant  with  Flap  ;,nglo. 

5.1.  Theoretical  vuiuoo  c £ the  lift  derive tlvo.  or  ftg 

To  a first  a _ pro xxr i : t i on  the  ratio  of  the  theoretical  values 
of  %2  w.A  a.  is  it.  I*.- pendent  of  thicxraas-ohord  ratio,  so  that  the 
curve  of  »^/a ^ a.;im£t  fin,— chord  ratio,  2,  for  o thin  flat  plate, 
given  in  Flg.lfe  ray  be  usc-i  to  letcrriine  fro.*:  ( 

5.2,  Sxpcrinental  results  for  the  1511  series. 

Tbs  ratio  a2(fty)T  ia  plot  to  A a .-a  mat  trailing-odgo  angle  in 
Fig. 13,  for  f lop-chori  ratios,  2 » 0.2  and  O.i,  and  tor  two  positions 
of  transition.  In  Fig. Id,  2o  j lotted  against  a,j/(a.j  )y  , 

It  ia  clear  from  ?ig.'u  thot  within  tho*  li.-oo.ta  cf  oxpurinuntsl  error 
(o ham  by  the  dotted  linos  for  2 =>  0.2)  there  ia  a definite 

relationship  between  these  puar.titl.s  for  r.  given  value  of  2, 

A 'few  points  for  ?(,A.C.A.  0vl5,  free.  Kefs.  11,12  ere  shown  in  the 
figure  and  appear  on  the  whole  to  bo  consistent  with  those  of  this 
report. 

The  oxporiraentai  results  at  tho  ronaining  values  of  2 aro 
given  in  Pig.  15,  whore  the.  ratio  an,  (*2)7  10  P10**04  agadnst  * for 

a aorioa  of  values  of  &^/(»i)T  . Tho  oxpcriauntal  points  have  boon 
modified  slightly  to  make  thoa  oorruupond  to  t»w  narked  values  of 
a1/(a1)T  and  ora  plotted  to  exhibit  tho  dogreo  of  smoothing  noocaaory 
to  obtain  a rugular  uoquonoo  of  curves. 

Tho  our/cia  of  Figs.1  U and  '-5  ore  certainly  indopondont  of 
transition  position  ini  should  bo  independent  of  Hoynolda  nursbor. 


5.3.  Chart  for  finding  , 

Whan  f-u  bu'jn  do  burn  in  j i,  from  lata  ouch  as  thoso 

of  Pig.  12,  a(i/a.  0(ir,‘b)  found  from  Fig.1v,  winra  it  ia  plotted  ogninat 
2 in  a family  of  curves  wi  *.h  ounst-int  <^/(  ! 1 )-y  • 


In  Ruf.i  Naylor  .nd  hyena  ioducai  rao-dinunaionul  values  of 
tw'a.  fran  n large  collection  of  data,  mainly  from  Ar.on.oan  sources. 
?Koir  two  o xtrar.o  ouxvus  for  trail mg-edgo  angles  of  7j  dogroos  and 
y e logrwoa  respectively  ->ro  reproduce!  in  rig.  17,  whore  they  art#  shown 
dotted..  The  Mur.Jt  c jiroaiimiui;  curves  fits r.  tho  lata_of  this  roport 
aro  shows  by  tho  full  lines  for  a«/(ai)T  * u’70  respectively, 

Thoso  two  values  of  0\/(  a,)-  correspond  to  various  corsblnstians  af  tho 
throe  psraraaWrs,  Reynolds  nuabur,  transition  point,  tnuling-odgo  angloj 
typical  sets  of  these  quantities  are  shown  an  tt»  figure.  It  la  oloar 
that  ail  tho  rv iuvant  paranotone  oust  bo  considered  wnan  cat  mating 
lift  and  that  Fig. 3 of  Rof.fc  is  net  generalised  enough  for 
js  tins  ting  s-y'i,  . But  tho  data  used  by  Hayicr 

to  ounfira  tint  tho  results  of  tho  invoetigstion  a.  the  prusont  report, 
terms  of  thu  ratio  <*/<*,  )T  , »7  bo  ooufid-ntly  used 
over  a widu  range  -of  iioynulda  nuoboro. 
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» Flfkp  chord  j aerofoil  c Hond 


Part  III.-  'dingy  Recant*  jt>  Hair.  Flap*. 
6.  Introduction. 


6.1.  In  Rof.1  Proeton  at  first  fomd  that  a plotting  of 

against  a,/(a^}<j  gave  an  apparently  unique  curve  for  a , , 

given  'value  of  3,  the  flap  chord/aerofoii  chord  ratio,  tut  iatoro 
bo  recognised  that  this  ourv-j  was  actually  only  ini  quo  for  a given 
oarofoii  shape.  There  w&3  at  ill  reason  to  boliovo  that  the  curve  was 
not  dependant  on  Reynolds  number  or  on  the  position  of  transition.  To 
•xtond  the  rongo  of  experimental  evidonec^it  was  docidod"to  carry  out  a 
• writs*  of  testa  on  row  nodal*.  baaod  on  a lev  dreg  design,  so  that 
transition  could  be  iolayod  beyond  the  half  chord  position.  Further  it 
ena  planned  to  nodify  the  roar  half  of  tho  nodal  so  that  the  trolling 
edge  angle  of  the  seotion  i-ouil  be  reduced  in  etagoa  to  soro.  By  this 
moan*  it  was  hoped  to  obtain  .uch  thinner  boundary  1-yora  as  well  as 
tho  thicker  ones  charactariotic  of  largo  trolling  edge  angloa  and  of 
forviorl  tronaition.  This  particular  aim  has  not  in  fact  boon  achieved 
to  tho  extent  that  hod  boon  hopud  and  it  is  now  realised  that,  epart 
tr  rr.  tho  possibilities  of  artificial  reduction  by  auotion,  tho  boundary 
lcyor  thickness  can  bo  reduced  dractioally  only  by  a vary  large  increase 
in  tho  Reynolds  ruerbor  of  test.  Uovorthuloas,  tho  rongu  of  trailing 
edge  angloa  covered  his  ruvoolod  important  facts  about  control 
coefficients,  and  hos  led  to  a possible  framework  for  correlating 
BT,  a2>  \ and  b2  sinilur  tc  that  first  suggested  by  Preston. 


6,2.  Description  Jf  tho  experiments. 


The  aerofoil  prefiios  test.!  for  the  purposes  outlined  in  tho 
preceding  pnrogroph  aro  illustrated  by  Pigs. 2 and  if  they  ere  all  of 
thiokno*#-cbori-rot io  C.  1 5 1 with  •> /drags  c rJUnato  ;’t  J.llo,  ml  tho 
sorioa  will  bo  referred  to  os  the  series.  The  roar  portion  of  tho 

original  aoref»U  (celled  1 tl-1 , Pi*..'?)  h-a  boon  sy  stern  tic  ally  noiifiod 
so  a*  to  givo  a ringo  ~f  trailing  e b;o  sr.glcs  from  0°  to  19.2°,  In 
tho  original  prograenu,  each  • . dif  ia-tiin  vns  tx  be  fitted  with  plain 
flaps  with  ohori  rotim  ranging  fr-t.  0.1  t<>  i'.ob,  but  tho ro  was  tii..o  for 
only  a portion  -f  Use  programme  to  be  c .r-.plete  i.  The  transition  point 
wsa  varied  in  y.  siti.r.  fr-r.  o.l  t«.  0.69  of  tho  cho-r ; fron  tho  leading 
odgo  by  moans  of  wires;  in  niUtier.  the  transition  won  allow i to 
ooour,  without  wiros,  bo  twin  1.65  and  .7o.  The  g at  tlso  hingo  was 
oithor  extremely  snail,  i.pprcxlcntoly  d.1..',  ir  social  with  groaao  in^ 
ail  tho  experiments.  Tbu  Royrwluo  rusebor  of  tho  testa  was  O.^o  x 1o  . 


Tho  no  Usds  wore  i,  ft.  a;  an  an  I JC  in.  chord  and  ware  suapendod 
froa  « roof  lift  balance  'ey  ' e uva  Jt  a ;«irollul  notion  linkage  outsido 
tho  tunnel ; they  wore  aanrioctud  to  tho  1 in.: ago  by  stout  stool  tubes, 

Whioh  noro  surrounded  between  tho  rodels  mil  tho  tunnel  walls  by  dur.ry 
aerofoil*  of  the  same  section  as  tho  nodal  under  toot.  A plan  tho 
oodal  and  dumioa  as  so*  up  in  tho  7 ft.  ho. 2 tunnel  is  givesi  in  rig.  . 
Tho  gars  between  tho  aerofoil  on  the  bclmco  end  the  duaaies  at  os  . 
and  worts  of  tho  erlor  l/l6  ins  or.  atbrspt  t rwaouro  tiso  offocta  of  those 
gap*  cn  lift  -iiU  hingo  recent  led  to  the  oonolusian  thet  the  offocts 
warts  almost  within  tho  Unit,  of  axportrontn,  error  orod  ouuld  not  bo 
Jofinitrtly  lotaroinod.  Tho  affect*  of  thus  gape  ravo  therefore  boor, 
treated  a*  tvagli«iblo.  Hingo  nenenta  woro  teasurod  by  re  ana  of  a wiro 
attache*!  to  a short  sting  it  ■•no  end  cf  the  flop  and  to  n -.fgh-d  ^-tr- 
un  tho  roof  cf  the  tunnel.  Tho  Mv.ss  of  tho  flip  woro  *r -all  ball 
bearing* > kept  well  olianoi  and  lu  brio*  tod,  and  wore  prootioa.^y 

frictionlo**./ 
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frictionlsss.  Considerable  euro  «&s  t^akcn  to  aaoaure  angles  of 
incidence  md  flap  angles  accurately,  because  the  ranges  of  the  so 
angles  over  which  transition  ocul.  bo  hull  fixed  was  luaili  the 
quantities  raqulroi  free.  the  teats  wore  slopes  of  lift  mi  hinge 
Ecraant  with  respect  to  those  mgloa  mi  c--ui-  .nij  bo  ictorr.inoi 
within  1 te  if  angles  could  bo  noaaure  I to  ..beat  IC.059  . mi  it  is 
tolicvoi  that  this  was  in  the  asm  achieved. 


1* 


****) 


b 


2 


t 


t 

h 


b 


Si 


a’ 


a 


ii  -i 


gift  t w.  io.is 


rate  of  change  u’  lift  coefficient  with 
incidence. 


rato  of  ohangc  of  lift  coefficient  with  fie.. 

Batting* 


rote  of  change  of  hinge  : .cocut  coefficient 
with  incidence. 


rate  of  change  of  range  r. .ixnt  c-eff icierit 
with  fls,.  sotting. 


naxir.oir.  t>vicknesa  of  win.;  section. 


trailing  edge  angle  f the  suction, 
height  f tunnel  cress  c-jcti.n. 
broi  dth  .f  tunnel  cr.ss  e-.cti  r.. 


narujuroi  lift  coefficient  in  tunnel. 


nausuru.l  hinge  rujait  coxa'fxoicnt  in  tunnel, 
rassurei  mciiunoe. 
iiKisuroi  fin.  deflection. 


•aui-egen  of  model,  excluding  .atry  anas. 

Incidence  c rraoti  n due  t-  tunnel  w.ii 
intorfcronoa. 


i C 


/ 
; ‘j 


due  to  tunnel  well  interferon oo 


AC,  oorreottan  uf  C* 

<U  ** 

& Cjj  oarroction  of  C.;  due  to  tunnel  well  interference. 

lo  iiatanco  of  centre  of  pressure  fr.n  the  loading 

oijo. 


1.  vnluo  of  for  lift  duo  to  incidence  change. 

1.  value  of  1 for  lift  luo  t~  flop  angle. 

2, 

B ratio  of  flap  chord  to  aerofoil  ohord. 

T suffix  to  denote  theoretical  valuoa  of  the 

cooffioionta  a, , a_,  b, , b.,  for 

* *-  ' £ 

potential  flow  with  Joukoweicy  value  cf  the 
circulation. 


7.  Tunnel  Interference  C -rrectl  r.. 

The  two-discnaaional  tunnel  interference  has  been  doduood  from 
Hof. 7 (Biysnt  end  G»rnar,  13U7).  The  first  correction  to  bo  applied 
to  the  Bossuroocnta  takes  aocount  of  tho  increase  in  wind  opced  duo  to 
tunnol  hlookago.  In  tho  notation  of  Rof.7,  3 3.1, 

(A  v)  a‘  t- 

a C.62  — * 0*5v  — 

V r/  ch 

whoro  A'  , tho  sectional  area  of  tho  wing,  la  upproxiraotoly  giver,  by 


A' 

— a 0.67c, 
ot 

tho  tunnol  height  h * 7 ft. , o = 3‘-!  Ins.  , ar.d 

— ■ 0.1$.  Thus 

c 

C A v) 

■ 1 1 1 * 0*  ♦ U.^U.0  a C.ol2<_-  a 1 .2,,, 

V 

ar«d  tho  eorodyruasic  pressure  jpV^  is  increased  ty  2.iw*  Tho  Measured 
oouff ioionta  r.ru  therefore  oorrootod.  lc  a factor  0.376.. 


Dancto/ 
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Esnctc  G£  and  tho  wMurod  lift  and  hinge  nooont 

coefficients  corrected  for  tunaal  blockage,  Than,  if  a’  is  the 
■ossured  inoidanoo,  in  the  range  of  linear  slopes  the  tunnel  derivatives 
are  defined  to  bo 


(«h)*  3 c;/a*  , 

Li 

(b,)«  * C’/a*  . 

K 

Siailorly  if  a*  is  sot  to  sero  end  thu  flap  is  giver,  a neasurod 
deflection  n for  e/noo trios!  soctiana 


(«2)'  - C*/m  , 

Li 

(b2)'  - c^v 

The  interference  in  addition  to  tunnel  blockage  takoe  the 
forts  of  on  inoidanoo  correction  (&a),  end  of  oorroctions  appliod  to 
C'  end  C‘  on  account  of  the  induced  curvature  of  flow. 

1 H 

{L  a)  . 


shore  l is  the  position  of  thu  oantru  of  proaauno  noosurod  os  a 
fraction  of  tho  ohoj-i  frx  the  loviing  odgo, 


* f°  \2 

- j C’  (1-21) 

18  \h  / I* 


Tho  respective  oorrootione  to  G‘  , C’  aro 

l K 


(acl)  - - 


\ 2 

- I - ' C' 


* !° 


192  \ h j - 


U°k) 


. --  !T  o 

192  \h  j 


fL 

iy 

fH 

L jy 


share 


«L 

«Y 


* l+x 


•1 


2»1 


(*l)T  1*0.85 


approxiasteljr 


and 


i Y 


* 


whs re/ 


- 13  - 

/ ««  / \ 

who r*  for  plain  flap*  the  values  of  i — / Oj  in  koi  .7. 

V r ' /T 

Table  2,  with  X ■ 0 coy  bo  usod. 

It  follow  that  the  curroctod  uxperinantal  lift  slope, 

, x /c\2  ^ 

Cf,  »(6  0-J  " T5?  ( h J iY 

1 a*  Z<  i aj  1 X ?oV  /.  2,  \ 

r^rr  (kj  11  "2lw 

and  tho  oorrootoi  axporincrtol  hinge  norsant  slopo, 

v5> 


(«)  3 


(bl)‘  x 

a cjoUOg)  _ 

a.’ *{A  a)  1 x /o\  / ,,  , 

CT  *13  (kJ 


whom  for  a unif ore  incidonoo 


If  a’  « 0 and  £ la  tho  noaaurud  flap  doflootion,  tho  free 

stroan  conditions  corresponding  to  tho  tunnel  tost  aro  a uniform 
Lnoidonoo  ( A a) 
a flap  inflection  n 
and  Ct  a C|^  * ( A C-J 

G,j  - * ( t C,.)  . 

It  ii  now  supposed  that  a,  and  b,  aro  independent  cf  £ and  the 

■mil  incidonoo  in  ruiiruaar.to  i \rj  respective  negativo  corrections 
-a^(A  a),  -^(oa)  to  C,  , C^.  Than 


r 


x fox  1C- 


C*2>*  i1-  * 


152  \h  ; ay 


lx  /O 


Us  \h 


(1-2U) 


3 *,  J 

fi  c‘  1 

~ - (1-21,)' 

ii 

152  \h  J ay 

r8  h 

. 

^2  ■ C ^»2  ) * ) * 

where  lj  dopoftla  on  tho  flap  chord  ratio  2 and  is  given  in  Bef.7, 


The/ 


Table  1, 


- u. 


Tho  aro  finally  oxproaaod  in  tho  c^rrvoniant  fans 


1 ♦ 


!^}1 

1 ♦ ( Mi)( &0‘ 


whoro 


eg  ■ (02)’  - (ft2>'  nl  (?  - - J)» 

b2  - { 1>2 ) * - (*2)’  b,  (0  ♦ K - J), 


x /o\2  2 

P * - — f “ I • 1 0 0. 00373 » 

192  \h  J 1 ♦ 0.6  I 


/a\2  1 

C ■ — ( - \ . - - 0.00197 

W 2 


whore 


J 


'•)  - 0,01  670 


where  1 2 la  giver  Lt  i. , Tablo  1. 


0.  Roaulta  of  tho  dotornination  of  bj  ( ac^/da) - 


In  Pig.  19  are  given  tho  resulta  of  special  eosputatiana  of 
divided  by  (h,)y  , for  tho  1541  soriaa  and  for  Picroy  aootions 

of  difforant  t/o  and  T » It  will  bo  no*od  that  tho  theorotioal  value 
of  b,/a,  i*  a function  an  inly  of  X and  t/o,  and  to  a adnor  dagroo  of 

trailing-edga  anglo,  t . To  facility  to  interpolation  Pig. 1 9a  la  included, 
•hare  Tb,/h,  )„  la  plcttod  against  X for  T ■ 10  dog.,  and  for  evenly 

apaovi  valuta  of  t/o.  Tho  curve  for  aero  thinknoaa  la  of  oaursse  thnt  for 
a thin  . lato  (Raf.  8).  Tho  inaot  figure  in  Fig.19*  provide*  for  tho 
■.'orsxwrticn  nroosMiy  if  X la  not  10  dog.  for  tho  eootifr.  under 

c :ru.ido  ration/ 
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consideration.  If  the  nexieue  thiefcaoas  uf  the  sootion  occurs  further 
forward  than  abeut  0 ,35c  it  ia  preferable  to  ucc  the  nothed  given  by 
Thosaas  in  Rof.1J  for  tho  oatusotian  of  (b,),~  • 

Tha  oxporioental  values  of  b,  are  colloetod  and  oxhibitod 

in  Pigs. 2.,,  21  and  kl.  In  Pig, 20  io  plotted  against  3.  It 

will  bo  noted  tint  tho  groups  of  curvos  for  each  trail ing-adgo  angle 
are  separated  fru'  no  '-nothur.  ? .r  swdiur.  values  of  t there  la 
llttlo  ohnngu  in  i>/(  • with  H;  f„r  larger  vaiuoa  of  t , 

b)/(b,  ),j  tncrvaooa  with  3 , whilst  far  ana  liar  values  of  t » 

b^b^)-  decreases  with  increase  of  E . It  io  roar-rkablc  that 

b./(  b, ) oan  actually  exceed  unity  by  s very'  large  margin  when 

T * 0.  In  Pig. 21 , ^/(bj)^  is  plotted  against  position  of  transition, 

and  it  will  be  clear  that  again  for  :aediur.  values  of  a there  la  littlo 
change  of  b, /( b.  )„  . It  la  curious  that  when  transition  io  back  at 

0,>o  and  3 a C.2  the  curvos  cro  closer  together  than  w)wn  transition 
ia  either  forward  .r  very  far  beck. 

Thirdly,  in  Pi,;,  i.  , t. /(!.)«,  ia  f latted  against  t and  tho 

relationship  Natweer.  these  p-r.~a.ot  ora  io  .pj  ruxiaatcly  linear. 

9.  Kosulta  of  tho  ; t irr  or.  •.  . f b-_.(  Xi, 


Tho  t:«x  r ties.  -a.  f l_.  ire  uxiubitod  in  Pig. I.)  by 

plotting  „f  (b./t  )-  .•••  ...a  f.  Th.  thm  d-M  carve  is  taker,  fruu 

Ref .8,  and  the  ■«h.  . . * • '■  ‘ war  > apicieUy  oissputod  for 

tho  1>-1  series  -f  ii.ito  m,  T as  j.st  u.  inters  elating  for  lifferont 
values  of  t/c  a fa-  ily  •y.r--',  :.r  : a VO  log,,  ucs  oalculatod 

by  Tho  ns’s  no  the  1,  • . - ...  .vor.  on  pig.fya.  Correction 

curvos  for  use  whan  t -u  n *-  *'  log.  ir»  inset  in  tho  figure. 

In  Pigs. 2—  an. I ia,  bi/(b_)~  is  pl-ttod  ogr.irmt  position  of 

transition  and  trailing -edge  angle  respectively,  Hero  again 

vnrio#  littls  with  transition  cr  with  3 when  » has  a aodiuc  value. 
Tho  relation  between  bp/(  bo)-  and  T is  not  quito  linear;  tho  curvos 

are  considerably  steeper  for  transition  forward  than  for  transition  book. 


1 . . Rotation  between  b.  and  a.. 


• 3«?  Tie  next  tv  figures,  It  and  27,  ahov  tho  relationship  between 
b./(b.  ,s«  <wvl  a. /(a. }-  . Or.  the  asau&ption  that  b.  will  hove  its 


theoretical/ 
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theoretical  value  whan  vt*,)T  i*  unity,  the  quantity  plotted  ia 

)iji  divided  by  , which  should  tend  to  rnity  as 

alA*i)f  bonds  to  maty  fur  *11  aerofoils.  In  each  figure  the  graphs 

for  the  \%\  sarios  are  drawn  for  transitions  0,1c  and  0.5o  , R 
being  appruxtcsetoly  106  . Curves  fir  each  tmiling-odgo  cnglo  aro 
suggested  which  sll  neat  in  the  nuighbourhoed  of  unity  for  both  the 
plotted  quantities, 

10.2,  Fig.  £6  is  drawn  for  2 = 0.2  . Proa  the  rusuita  of  the 
toata  c®  the  iJUIa  section  (x  » £0  dog.)  imu  on  the  R.A.E,  tunnel 
Ho. 2 11  £ ft.  by  8#  ft,,  the  points  for  two  transition  positions  are 
ylottod  along  tho  lowest  curvo,  to  which  they  belong.  ?)c  agrooment  ia 
extraordinax ily  good  for  thia  class  of  neanuronant,  and  givoa  aono 
grounds  for  confidence  in  tho  suggested  method  of  generalising  the  rcaulta 
of  this  work. 

10.3.  Scro  further  chocks  wro  sought  aneng  tho  nuroroun  reports 
fror,  tho  N.A.C.A.  on  this  subject.  Considerable  difficulty  was  found 
in  demisting  tho  Ar.arioan  work  sotisf  vjt.  rily  for  this  special 
purpose,  and  it  was  therefore  concluded  that  a better  chock  would  bo 
fort  ho  arsing  ly  using  ourvos  which  wore  rue  amended  by  ;jnoricon  authors 
thoosolvoB  as  roprusontativo  of  thoir  experimental  results.  Pig. 13 

of  Rat. ^ gives  a family  of  such  curves.  Two  values  of  r ,12  deg.  and 
20  dog. , wore  nolocted  and  tho  corresponding  values  of  tho  thoorotioai 
hinge  exuent  coefficient,  (bj  , estimated;  (b,)^,  could  be  given 

values  between  fairly  narrow  limits.  Tho  quantity  n1/(a1 )„  oould  bo 

given  a range  of  possible  values  according  to  t/o  , otc.  Finally 
points  ware  plot  tod  for  each  trailing -edge  uiglo  widch  woro  moans  of 
tho  axtromos  of  tho  estimated  quantities.  The  ruault  of  this  proooduro 
in  both  rig.  26  nnd  Pig.  27  (vhich  refers  ti*  E «■  0.U)  ia  satisfactory 
os  far  as  it  goos,  and  proves  that  ..norioivn  into  at  loast  give  rough 
agreement  with  tht  proposed  generalised  uohor.o.  Until  further 
experiments  doaignoi  to  yield  all  the  nocoaaury  liouaurouonts,  suitably 
co-ordinated,  are  uniertakun,  tho  checkin,:  aver  a wider  mngo  of 
variables  is  not  possible. 

1 1 ' be  two  ran  b~  and  . 

In  Pigs.  23  and  ZO  tho  ratio  Vja.  divided  by  (bj/o.,)^,  is 

glvwn  similar  treatment  to  that  given  to  (b./a1 ) divided  by  (hj/a^)^ 

in  Pigs, 26  and  27.  The  graphs  for  tw>,  transitions  O.lo  and  0.5c  for 
tho  15W  sarios  aro  dram  and  tentative  curios  dram  to  moot  noor  ( 1 ,1 ) . 
Similar  ohocks  to  those  in  pig.  26  are  sham,  by  tho  plotted  points  in 
Pig.26,  which  aro  derived  from  the  tests  in  the  R. 4.3.  H .2  11)  ft. 

by  dy  ft.  tumo  1.  Tho  agreement  with  tho  curvo  fear  tho  trail ing-edgs 
angle  20  deg.  is  satisfactory  fur  ueoauruoants  of  this  character.  The 
R....E.  tunnel  results  for  b-_  were  turo  acottorou  than  tivse  for  b, . 

*W 
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Pig.  1J  of  P./JV?  was  used  again  to  cohort;  neon  values  uf 
(b^/c, } divided  by  ( t-i/a1  )„  frur,  ..nurioar.  aourcos,  and  tho  joints 

plotted  for  trailxng-odgo  ar.gica  1 - dog.  end  2C  dor.  arc  in  vury 
satisfactory  a greener,  t with  th.  •cn-T'diao  i achor.o,  in  loth  tho  figure n 
2d  and  29. 

Ore  point  for  truiling-edgo  angle  of  J<d  dag,  darivod  fror. 
Pig. tj  tf  Ref.  9 is  ,1-ttod  in  Pig.  Mb,  -ml  rervea  aa  a rough  guide  to 
extrapolation  to  largo  values  -f  t . 


12.  arfoot  of  Transition  lovunent  on  one  Surface  only. 

It  ia  wail  known  that  in  practice  transition  tel;oo  plaoe  on 
tho  aurfaco  of  a wing  a littlo  to  tho  roar  of  tho  point  of  raaxiraua 

auction,  o4-art  fru.  a r.y  local  feature  forward  of  thia  point  which  nay 
causa  prune  turo  transition,  ^oauning  tho  surfuco  to  be  porfactly  araeoth 
and  tho  strew.  to  bo  perfectly  non- turbulent,  transition  on  an  corof oil 
of  iy»1  typo  will  occur  at  u«G5  to  0. /o  on  both  ourfncoa  at  snail  angloo 
cf  incidonoo  on  i will  trovol  forward  vory  quickly,  beginning  ot  an 
inaldonoo  of  2$  to  3°*  On  tho  lower  aurfaco  tnnaitiun  will  oithor 
recoin  ot  0.05  to  0,?o.  or  neve  nlc/wly  to  tho  roar.  It  ia  inportunt  to 
Oiau  therefore  uhot  happens  to  the  hinge  Reran tc  on  a flop  vihon  tho 
;*.aiti.orj!  cf  transition  are  not  the  aane  on  upper  and  lower  ourfaooa. 
..ccordingly  ooexj  experiments  were  nude  on  tho  1 5h1  aerofoils  in  order 
to  study  the  affect  of  fisymutry  in  transition.  Pig.30  slews  tho 
results  of  non  sure  rent  cf  C.  nude  cr.  all  five  of  tin  aerofoils  at  0° 
incidence  with  fl^gis  sot  at  "Cr°  , end  a transition  wire  placed  at 
various  jxiaitlona  on  no  aurfaco  only.  Tiu  effect  is  to  rivo  a 
negative  lift  if  tl.o  wire  is  cmaidniv.*  to  be  on  tho  "upper"  surface 
of  tho  syw.etrioul  eer, foils,  hut  th.c  negative  lift  is  nuch  larger 
when  tho  trniling-oilga  s;.;lo  - ic  largo  tinn  when  t ia  snail.  Scoo 
light  io  thrown  cn  the  n.  .son  for  this  by  rig. 31,  whore  Cjj  ia  plotted 

o.jalnst  position  uf  •••'ire.  .< her.  t = 1 9.2'  Cjj  is  positive  for  forward 

transition  on  thu  u.-cr  surf-.cu,  iuore  ning  of  course  to  rare  aa  tho 
transition  covos  1 »cl  V > •*  r j *.  1 .r»  r.o  ir  tint  of  the  lower  aurfaco 

(0,65  to  0,7c,}.  H.wavwr,  : i.t.n  7 a 0,  C..  ia  negative  for  forward 

transition  on  the  u;i*5r  aurfaco;  hence  in  thiu  case  there  must  be  a 
positive  lift  on  the  flap  which  .vlrost  cancels  tin  docrusoo 1 lift  un 
the  forward  part  vf  tho  win,;. 

Tho  ordinates  of  the  curvoa  Pigs. 3b  and  31  give  a oooaurc  of 
the  Junps  in  C,  and  which  would  oocur  if  transition  suddenly 

novel  forward  with  change  of  incidence.  far  as  Oj,  is  oonoemod  it 

is  spy«rwt  teat  for  * ■ T.  20  tho  nest  favourable  trailirg-cdgo  angle 
is  9 or  10°,  if  the  otango  of  Cp  with  transltlcn  io  to  bo  a edniaMPt 

thia  agree*  with  the  conclusion  above  that  b.  is  unaffected  tqr 

transition  ohsngw  whan  x • 53. 


Those/ 


- 18  - 


l! 


5 


t 


i 


i 

La 


Thaeo  ocoaido  rations  arc  further  illuatrotod  fay  Pigs. 32  and 
33*  In  Pig. 32  Cjj  la  plotted  against  a for  1 5^1  with  2gs  flap  in 

the  upper  figuro,  and  for  1511®  with  1 if  i flap  In  the  lovor.  t has 
the  vttiuo  15°  in  the  first  caao  and  19.2°  in  the  accar.L  Curves  axe 
plotted  fear  no  wires,  wires  at  O.lo.  un  both  surfaoua  and  on  one 
surface  only*  Proo  a ■ C®  to  a 3 2°  the  curvo  with  no  wires 
and  that  with  upper  wire  only  tend  to  be  roughly  i-arollol,  and  tho 
two  curves  oano  together  in  the  rvc  lghbcurhood  of  & ■ 5°  when  the 

transition  occurs  naturally  on  the  up-or  surface  at  about  0.1c.  It 
ia  difficult  to  understand  the  observations  in  tho  upper  diagran  at 
♦3°,  which  do  not  agree  with  sufficient  accuracy  with  thoao  at  -3°  to 
moles  the  phonorenn  clear.  It  should  bo  raoarfcau  that  30jj/da  with 

both  wiros  is  loss  negative  than  for  no  wires  for  tho  15M  model. 

?ig«33  applies  to  tho  15Md  nodal,  t ° 0°.  Hero  again 
free  a ■ 0°  to  a * 2°  the  curvo  with  no  wirea  is  approximately 

parallel  to  those  with  one  wire.  The  curve  for  both  wirea  la  (in 
contrast  to  tho  osso  of  T ■ 19*2®  , Pig. 32)  atoopor  than  that  for 
no  wires.  Also,  as  explained  in  tho  coaaenta  or  Pig. 31 , the  upper 
wire  only  curvo  is  below  tho  no  wiro  curvo  at  first t the  two  curves 
coco  togother  at  a a 5°*  The  louor  wiro  inly  curve  ooaloacos  with 
tho  two  wiro  ourvo  at  a a 3°,  but  ot  a point  lying  above  tho  rooting 
point  of  tho  two  fornor  ourvosj  it  ftppoare  that  at  3°  incidonco  tho 
condition  of  tho  boundary  layer  on  tho  lower  ourfaco  ia  otill  a;prooiably 
af footed  by  tho  preaonco  of  tho  wiro  at  0.1c.  at  5°  incidence  so  that 
tho  curves  do  not  all  coaloace  at  the  sacto  value  of  C;j. 

It  is  oloar  that  all  tosto  of  o octrois,  whan  it  is  possiblo 
for  transition  to  start  for  back  at  snail  incidonoo,  should  inoludo 
oasos  whero  tho  transitions  arc  asyrnotrloal  (soo  Hof .1 0).  It  is  not 
sufficient  to  confine  tho  t-.'ita  to  tho  oosoa  with  natural  transitions ; 
scoo  knowledge  of  tho  offocto  on  lift  ani  hin;o  mor.onts  of  r.ovonants 
of  transition,  both  aymutrlcciiy  and  aoyrr-.otricelly  ia  roquirod, 
beoauso  tho  oonditiona  of  transition  on  r.o'.cl  and  full  aoalo  will  in 
gonerol  bo  difforont. 


13.  Values  of  Cn  at  Higher  Incidonoo  and  Larger  Flap  Anglaa. 


8k*  far  only  comparatively  amll  ohongoo  of  incidonoo  and  flop 
anglo  bnvs  boon  oonaidcrod,  and  there  hoa  been  no  soparotian  of  tho 
turbulent  boundary -l  ay  or  on  the  up;*r  aurfoce  at  tho  trailing  edge. 

Sosa  data  are  available  frou  too  to  up  to  10°  incidence  and  flap  angle 
on  the  aerofoils  1 5^*1  and  15**1o.  Those  data  arc  sunewrisod  in  this 
j«ragraph.  ?ig.>*  gives  two  oxnnplo#  of  tho  nosaurerjor.ta  of  for 

tho  151I  aerofoil  with  trailing -edgo  ar.glo  153.  ia  plotted  against 

a ♦ t>  , so  that  it  is  easy  to  draw  curves  of  for  constant  a 

(full  linos)  and  0^,0  far  ocnatant  n (dotted  linos).  The  fornor 

curves  ajro  linear  ovar  tho  rengo  -5s  at  least  so  long  os  a lioa 
between  22°,  whilst  the  latter  oro  linear  over  tho  range  *2°  #0  long  as 
I rj  } 5®.  Those  angle  ranges  iaf ino  the  lints  for  which  tho  transition 
point#  on  tho  two  surfaces  oen  bo  hold  fixed.  Outside  those  ranges  tho 
sovaconts  of  transition  snd  tho  bogimng#  c£  turbulent  boundary  lay  or 
s opora tier,  at  tho  trailing  odga  produce  Eon-linenr  curves. 
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?ig«35  gives  uxanpioa  of  th»;  effects  of  transition  tsoveoants 
ir»  tho  case  of  112.1.;  section  with  trail  inf-edgo  ongl j 19, Linearity 
oxtonda  over  tho  range  for  tha  C„,p  curvea  so  long  an  jji|  } 1°, 

and  over  the  range  -2'  for  tho  C,.  ,c  curves  ao  1 ng  oa  | ’ij  ^ 3°* 

Tho  waves  noarout  the  origin  ir.  the  C,j,u  curves  arc  duo  to  tho 

novoewnt  of  transition  furv/irl  an  tl*o  n.e^,c<.urbood  af  | q|  ■ 2°j 
the  second  turning  point  at  aLcut  I aj  - 6J  arc  duo  ‘to  tho  beginnings 
of  turbulent  aopnratiun. 

In  tho  ox;<ori'wr.tj  illustrutcil  by  Figs. 31  and  Y thoro  woru  no 
wires  to  fix  transition,  ..  ooc; orison  of  Fig,3S’  with  i’ig.36  where  wiroa 
oauao-1  transition  at  O.lo.  ahowa  that  tho  wivoa  ir.  tho  Cj:,a  curvoo 

near  tho  origin  disappear  when  transition  is  hold  fixod  at  O.lo.  and 
loos  not  ohnngo  at  a -»*  2°.  Both  dCjj/da  and  Xy/dr>  are 

aenaidorubly  rxxiuood  by  tho  o bang a to  a forward  position  of  transition, 
as  has  boor;  roc'/rled  above  ir.  tho  discuaaion  on  b.  and  bp.  ,.t  tho 

larger  vnluoa  of  a ml  n tho  influanoo  of  the  wiroa  at  first  booor.oa 
a -all,  booauao  tho  natural  transition,  at  ary  rnto  on  tho  upper  surface, 
In  wall  forwnri.  int  the  wiroa  tend  t~>  oauso  an  oarly  turbulent 
separation  on  tho  u;;<sr  surface,  and  wires  on  tho  lower  surface  am 
objectionable  l*oa-.uo  in  cost  cases  on  sr.  aoth  wings  tho  natural  poaition 
for  transition  ic  wall  tael  when)  wiruo  would  produce  carrdicatod 
boundary  layer  ..ref iloo  not  ropr»jsontntivo  of  practical  conditions. 

Wires  «vro  thcref  .ro  only  auitablu  for  c ntrclliivj  tran3itiun+for 
oxporinontai  purjeisea  ovor  snail  ranges  of  i of  the  erlor  -3“,  and 
of  *1  of  *1jw. 


11.  Velocity  Trovorac  it  the  Tr'ilin  • ildgv. 

Total  hand  an.;  static  proas' ire  tutor  were  or, ployed  wi  th  some  of 
tho  aodols  to  ftoaauro  velocity  pro  file  a -t  tr.u  truiling  edge.  Tho 
instruments  were  tmeura  .*1  slung  iueo  iVur.  the  trail  mr.  edge  at  right 
angles  to  tho  bisectors  of  each  oi’  thu  angles  to  tween  tho  chord  and  tho 
surface  tangents i tnia  was  t to  W w.  .ptn'xir.ition  to  tho  nonaala 
to  the  stroos  linos.  Tin  results  ire  illustrated  bp  Figs. 37  and  1*1, 

In  Figs. 3?  to  39,  tho  mtlo  of  local  velocity  q to  stream 
voloci^r  UQ  is  plotted  against  distance  frur  tho  trailing  odga  in 

tones  of  the  aerofoil  alert,  Tho  approxinato  location  of  tho  boundary 
layer  odgeo  is  also  shew.  in  every  case. 

Fig. 37  refers  to  the  no  lift  condition  /it!;  a ■ " * 0. 

Tho  upper  figure  la  for  tho  condition,  "wiruo  at  O.ic.",  and  the  lower 
for  *no  wires”,  wit!-,  transitions  at  0.65  to  0,7c.  There  is  vory  littlo 
variation  cf  b/ c,  tho  be unda ry-1  ivcr  thioknoaa  rutiwi,  with  auction 
sbapu.  It  is  also  interesting  to  note  tho  greater  relative  reduction 
of  dlsplftooaant  thickness,  readily  soon  free  the  profile  shapes,  duo  to 
tho  ousping  of  the  section,  when  transition  is  back  oa  ooaporod  with 
tbs)  forward  transition. 
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Pig. >3  illuotratoj  tho  velocity  profiles  for  a » 2°  , t 

r\  m 0°  , being  in  tho  neighbourhood  of  0.2,  Tharu  is  again  littlo 

offoot  on  6/o  duo  to  sootier,  shape  in  tho  upper  figure  (with  wires) 
and  in  tho  lwar  figure  (no  wires)  in  the  case  of  the  lower  surface. 

However,  * /a  on  tho  upper  surface  tor.is  to  toccnc  appreciably  anollor 
a*  t is  reduced  when  transition  io  well  Lock,  -md  displacement  thiolcnoaa 
ia  considerably  reduced  on  both  surfaces  ly  cuaping  tho  section. 

Pig. 39  covers  tho  case  a a 0°  , n *«»  3°  giving  approximately 
the  sano  aa  in  tfic  case  ioalt  with  in  ?ig.33.  On  tho  whoio  tho 

behaviour  our  goo  to  a similarity  between  tho  offoerta  of  setting  ovor  tho 
flop  end  of  Increasing  trolling  edge  angle  at  ocnatont  inoidanoe.  Tho 
shapes  of  tho  upper  surface  curvua  with  wires  at  0.1c,  suggest  a nonr 
approach  to  aopnrotion. 

In  Pig.ib,  6/c  is  plotted  against  trailing  edge  angle  for 
a • 2°  , * 0,  and  aiso  for  a = •;  = 3.  Tho  curv03  for 

'no  wires"  ore  drown  full;  these  for  "wires  at  0.1c,"  dotted.  It  will 
bo  noted  that  L for  "no  wiroo",  lower  surface,  is  almost  unchanged 
by  the  change  of  incidence  ’r.d  by  change  of  t.  On  tho  othor  hand  6 
for  tho  upper  surface  rises  na  t increases.  Trciling  odgo  anglo  has 
littlo  offoct  on  t with  transition  forward,  but  tho  incidence  effects 
are  a dooruoso  in  5 , lower  surface,  and  sn  increase  on  tho  upper 
surfuco. 

Pig.  11  is  similar  to  Pir.uO  with  ti*.-  plottings  for  a « 0, 

•n  *nc3°  substituted  for  a = 2J  , - = C°.  The  rornrics  mode  above 
relating  to  Pi g.j>0  apply  to  Pig..»1  in  the  twain.  With  no  wiroa  the  riso 
of  5 an  tho  upper  surface  with  1 is  much  noro  rnrkad. 

Tho  jo  data  ore,  raoorlel  in  this  report  bocouao  it  is  he  pod 
later  to  explain  tho  l ohoviour  of  c.mtrwl  flaps  in  tonic  of  tho 
proportion  of  the  boundary  l-iyaru.  pi-eat.n'a  w„rkm  already  givoa  aorao 
oluo  to  the  kind  of  c-nru  lotion  t - io  expected,  but  noro  research  in 
ruqpirod  bo  fore  reliable  quantit.-tr-v  estu.itj  one  bcCoi.e  prsctiosbla. 


15.  Outline  of  pruooduru  in  2stir-atirv-;  ^ b^  and  bg. 

It  ia  assured  that  the  mrutrioul  a hope  cl*  tho  s.ictien,  flop 
chord  ratio,  trasiti  n joints,  Royrilds  nurcor  are  Known,  and  that  an 
ostisnte  of  tho  .effective  trailing  edge  angle,  t,  can  bo  reads.  Tho 
value  of  T should  b>  dotomino  l frx'.  tho  ahoi«  uf  tho  suction  free 
0,975c,  to  1 u.  Than  the  procelurv  is  as  follows: 

(1)  Find  ( i. )_  frur.  Pig. 5,  using  known  values  of  t/c 
and  I;  or  '.i tomativaly  use  tho  fonsila  (’) 

(2)  Pin!  froc  Pig. 12  or  Table  1,  using  Known 

values  of  Boynolds  number,  transition  locations, 
and  trv.il  mg  edge  angle. 

(3!  Pmd  a /a  free;  Pig.1t>  free  o /(a.)  ami  2. 
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